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calculi. We seek to correlate ultrastructural features, mineral density profiles, and energy dispersive X-ray (EDX) spectroscopy maps between sialoliths, Randall 0 s plaque (in the form of phosphate stems on oxalate stones), and phosphate renal calculi.
METHODS: After obtaining institutional approval, intact submandibular salivary stones (n¼5), calcium phosphate kidney stones (n¼5), and calcium oxalate stones with an identifiable stem (n¼5) were compared using light and scanning electron microscopy techniques (SEM), and X-ray micro-computed tomography (Micro-XCT) techniques. EDX maps and ultrastructural features were correlated to mineral density profiles for all stones.
RESULTS: Sialoliths and phosphate kidney stones visualized by light microscopy and micro-XCT demonstrated a layer-by-layer apposition (Figure 1, A, D, G) . EDX confirmed a predominant composition of calcium and phosphorus for stone stems, sialoliths, and phosphate stones (Figure 2 , A, C, E). Mineral density profiles were trimodal (low, medium and high) for all stone types (Figure 2 , upper B, D, F) and ultrastructural features were similar across stone types at each density region: plate-like formations observed in lower mineral density zones, spherulitic particles of medium mineral density, and packed spheres of higher mineral density. Patterns of elemental Ca and P intensities by EDX correlated with mineral density profiles ( Figure 2 , lower B, D, F).
CONCLUSIONS: Calcium phosphate dispersion in urine and saliva appears to follow a common hierarchical archetype resulting in either nephroliths or sialoliths: spherulitic particles agglomerating into stratified structures. These pathologic biominerals varied in density but had similar elemental composition (Ca and P) indicating that the mechanistic process for biomineralization could be similar between these disparate secretory (salivary) and excretory (kidney) systems. 
INTRODUCTION AND OBJECTIVES: Computational Fluid
Dynamics has long been used to solve problems of fluid velocity, shear, and strain in biologic systems. The objective of this study is to underscore the unique architectural features of the renal papilla including the Venturi effect as it pertains to the thick and thin segments of the loop of Henle, and the effect that the length of the thin loop of Henle has on fluid flow.
METHODS: Using computer aided design software (ANSYS SpaceClaim 18.2), three nephrons were designed based on published dimensions (Fig I) . The effect of thin limb length was assessed by comparing a descending limb with a length ratio of 1:4, from thick to thin (Fig. Ia) to a nephron with a limb-length ratio 2:1 (Fig. Ib) . The diameter ratio from thick to thin was 8:3. The effect of narrowing was assessed in a nephron with no thin limb (Fig. Ic) . ANSYS Fluent 18.2 was used to simulate flow and velocity profiles.
RESULTS: The presence of a thick to thin limb transition in a nephron results in an increase in particle velocity by over ten-fold within the thin limb (Fig. Ia, Ib, Id lines a & b) , compared to a nephron without a thin limb (Fig. Ic, Id line c) . Regardless of the diameter, particle velocity at the center of the nephron was more than at the wall of the nephron (Fig IIc, IId) . The position of the transition from descending thick to thin limbs did not significantly change the pattern of fluid flow, except that it delayed the increase in fluid velocity (Fig Id  a vs. b) .
CONCLUSIONS: The form and function of the nephron are intimately linked. A longer thin limb, relative to the thick limbs, decreases the amount of time a particle will spend in transit. Consistent with laminar flow, particles at the tubule wall are significantly slower compared to particles at the center of a tubule cross-section. Variations in nephron diameter, particularly at the junction of thin and thick limbs of the loop of Henle, may alter flow dynamics in the human papilla. The Venturi effect caused as the thick descending limb joins the thin limb is a critical architectural component that enhances fluid transit within nephrons regardless of the length of the thin limb of the loop of Henle. These findings are likely relevant from a microfluidics perspective to pathologic processes that result in particulate deposition, resulting in mineralization within the proximal papilla, and provide insight into the study of Randall 0 s plaque formation.
